ABSTRACT Background: Total or red meat intake has been shown to be associated with a higher risk of mortality in Western populations, but little is known of the risks in Asian populations. Objective: We examined temporal trends in meat consumption and associations between meat intake and all-cause and cause-specific mortality in Asia. Design: We used ecological data from the United Nations to compare country-specific meat consumption. Separately, 8 Asian prospective cohort studies in Bangladesh, China, Japan, Korea, and Taiwan consisting of 112,310 men and 184,411 women were followed for 6.6 to 15.6 y with 24,283 all-cause, 9558 cancer, and 6373 cardiovascular disease (CVD) deaths. We estimated the studyspecific HRs and 95% CIs by using a Cox regression model and pooled them by using a random-effects model. Results: Red meat consumption was substantially lower in the Asian countries than in the United States. Fish and seafood consumption was higher in Japan and Korea than in the United States. Our pooled analysis found no association between intake of total meat (red meat, poultry, and fish/seafood) and risks of all-cause, CVD, or cancer mortality among men and women; HRs (95% CIs) for all-cause mortality from a comparison of the highest with the lowest quartile were 1.02 (0.91, 1.15) in men and 0.93 (0.86, 1.01) in women. Conclusions: Ecological data indicate an increase in meat intake in Asian countries; however, our pooled analysis did not provide evidence of a higher risk of mortality for total meat intake and provided evidence of an inverse association with red meat, poultry, and fish/seafood. Red meat intake was inversely associated with CVD mortality in men and with cancer mortality in women in Asian countries.
INTRODUCTION
Asia is experiencing marked changes in lifestyle and disease patterns, similar to those seen in Western countries (1, 2) , with projected increases in the proportions of deaths from cancer, ischemic heart disease, and cardiovascular disease (CVD) 4 (3) . Therefore, it is important to identify modifiable risk factors, such as diet, which may be responsible for the rising rates of chronic disease in Asian populations.
Meat intake varies across regions and countries in Asia, with relatively low consumption in certain countries compared with others in the continent (4) . Meat intake, specifically red meat, has been associated with an increased risk of mortality in Western populations (5, 6) , although further studies are warranted in populations that consume different quantities and types of meat and have dissimilar confounding factors. Many mechanisms supporting a detrimental effect of meat have been proposed in relation to specific outcomes: an adverse lipid profile and free radical generation as a result of high intakes of SFA and iron, mutagens generated by high-temperature cooking (7, 8) , and Nnitroso compounds formed in processed meat and endogenously from heme iron (9) . The different rates of change and economic development in Asian countries provide a fertile environment for conducting etiologic research on chronic disease, because it provides a large range of exposures and a variety of endpoints. We initiated the Asia Cohort Consortium (ACC) to understand chronic disease etiology in Asia, where the association between dietary factors and chronic diseases has not been extensively studied. In the current study, we 1) compared ecological trends in meat intake over the past 37 y between Asia and the United States and 2) assessed whether meat intake was associated with all-cause, cancer and CVD mortality by using individual, prospective data from a pooled analysis of Asian cohort studies involving 296,721 men and women.
SUBJECTS AND METHODS

Meat consumption in Asia
We compared temporal trends in meat consumption in Bangladesh, China, Japan, South Korea, and the United States with the use of the FAO database (10) . We compared meat consumption in Asia with that in the United States because of high meat consumption in the United States and supportive evidence for high mortality with high meat intake in a large US cohort study (5, 6) . The FAO Statistical Database, the world's largest online agricultural database (available at http://faostat.fao.org/, accessed 13 June 2012), details historical and chronologic population-based production and disappearance data (referred to as food availability). For livestock production and product consumption, FAO has compiled relevant data-including agricultural production, fish production, trade, food supply, food balance sheets, supply utilization accounts, and population size-submitted by member countries in the form of replies to FAO questionnaires (11) . The FAO Statistical Database provides data on per capita consumption of meat, beef, pork, poultry, and fish and seafood and defines total meat (excluding fish) as the sum of beef, poultry, pork, mutton, goat, and game. Per capita consumption (kcal/person per year) is the total amount of food in each commodity available for each individual in the total population during the period 1970-2007, representing the average amount available for the population as a whole.
Study population
The ACC was described elsewhere (12) . For the meat and mortality analysis, a total of 8 prospective cohort studies from Bangladesh, mainland China, Japan, Korea, and Taiwan were included. We excluded participants who did not provide foodfrequency questionnaires (FFQs) (n = 8177) and those for whom time under study was missing (n = 467). A total of 296,721 (112,310 men and 184,411 women) were included in this analysis. Each cohort collected cause-specific deaths through linkage to death registries or active follow-up. The study was reviewed and approved by the ethics committee for all participating cohort studies and by the institutional review board of Fred Hutchinson Cancer Research Center.
Assessment of dietary and nondietary factors
Each study assessed food intake with a validated FFQ consisting of the frequency of intake, further qualified as specified portions (weights, numbers, or servings) or serving sizes (eg, a half bowl, one bowl) (13) (14) (15) (16) (17) (18) . The number of items for red meat, poultry, and fish varied from 6 to 17 across studies (see Supplemental Table 1 under "Supplemental data" in the online issue). We quantified food-group intake in grams per day or servings per day using the reported frequency of intake of each relevant food item and study-specific portion sizes. Data on age, education, alcohol intake, tobacco smoking, and residence were collected through self-administered questionnaire or interview. Height and weight were self-reported or directly measured. BMI was calculated by dividing weight (in kg) by the square of height (in m).
Statistical analysis
Using individual-level data, we calculated study-specific HRs and 95% CIs using a Cox proportional hazards model; age was used as the time metric. Person-years of follow-up were estimated from the baseline entry date until the date of death, loss to followup (if applicable), or end of follow-up, whichever came first. Baseline age (,40, 40-49, 50-59, 60-69, 70-79, and $80 y), educational level (less than secondary, secondary, and more than secondary school graduate), alcohol intake (continuous), urban or rural residence, total energy intake (continuous), fruit and vegetable intake (continuous), BMI (in kg/m 2 ; ,18.5, 18.5-19.9, 20.0-24.9, 25.0-29.9, and $30.0), and tobacco smoking (never smoked, former smoker, current with ,20 pack-years of smoking, and current with $20 pack-years of smoking) were adjusted for as potential confounding factors in the multivariate analyses. Outcomes of interest included all-cause mortality and cancer and CVD mortality. Because the number of food items varied across studies, in the main analysis, we obtained HRs and 95% CIs using study-and sex-specific quartiles of grams per day of each food group. For males and females separately, cohortspecific HRs were pooled to compute cross-cohort estimates by using a random-effects model. The random-effects model also produced a trend test for pooled HR estimates. Tertiles rather than quartiles of poultry intake were used to ensure an adequate number of cases in each category. In supplemental analyses, we computed pooled cohort HRs from cohort-specific estimates computed by using uniform cutoffs rather than cohort-specific cutoffs to construct intake quartiles and tertiles. In other supplemental analyses, we included 2 additional cohort studies that offered nonquantitative dietary intake data: 1) the Korean MultiCenter Cancer Cohort Study (19) and 2) the Radiation Effects Research Foundation in Hiroshima and Nagasaki, the Life Span Study cohort (20) , which had assessed diet by using nonquantitative FFQs (data on frequency of intake only). We tested for heterogeneity across studies using a likelihood ratio test that compared random-and fixed-effect models for pooled cohort effect estimates. Because socioeconomic status may be related to meat intake and disease pattern in Asian populations and because meat intake varies over time, we also examined whether FIGURE 1. Meat (A-D) and seafood (E) consumption (FAO data) in Bangladesh, China, Japan, South Korea, and the United States. Meat (A) includes beef, poultry, pork, mutton, goat, and game. the associations varied by educational level. Also, we examined whether BMI, smoking status, or baseline period modified the associations. All statistical tests were 2-sided and P values ,0.05 were considered to be statistically significant. We used SAS version 9.3 (SAS Institute) for the analyses.
RESULTS
Consumption trends using ecologic data
We examined temporal trends in per capita consumption of meat, beef, pork, poultry, and fish/seafood with the use of the international FAO database ( Figure 1 and Figure 2 ). We compared meat-consumption patterns between the United States and Asian populations because there have been numerous meat-and chronic disease-related studies conducted in the United States (5, 6, (21) (22) (23) . Ecological data indicate an increase in meat intake in Asian countries. Per capita consumption of meat (excluding fish) in the United States was .2 times that in China, Japan, and South Korea and .33 times that in Bangladesh in the 1990s and 2000s ( Figure 1 ). In 2007, average meat consumption in the United States was 122.8 kg/y, whereas consumption in China, Japan, and South Korea ranged from 46.1 to 55.9 kg/y. Per capita beef consumption has decreased to some degree in the past decade in the United States but still remains substantially higher than that in Asian countries. Beef consumption increased in China, Japan, and Korea from 1970 to 2007. Although beef consumption in the United States remains higher, the gap with Japan or Korea has progressively decreased; in 1970, the difference was 18-fold; in 1980, it was 10-fold; in 1990, it was 5-fold; and in 2007, it was 4-fold. Per capita consumption of pork has continued to rise in China, Japan, and Korea; consumption in China and Korea has now surpassed consumption in the United States. Per capita consumption of poultry has been rising in China, Japan, South Korea, and the United States, but the difference between the United States and Asian countries remained substantial. Per capita consumption of fish and seafood in Japan and Korea has remained higher than that in the United States; consumption in China has risen to a level similar to that in the United States but that is still substantially lower than that in Japan and Korea.
When we compared the proportions of per capita consumption of beef, pork, poultry, and fish/seafood in Bangladesh, China, Japan, and Korea with those in the United States, using the 2000 FAO database, the proportions of fish/seafood consumption in Asian countries were higher than those in the United States (34%-85% compared with 15%), whereas total meat consumption (largely beef and poultry, totaling 64%) in the United States was higher than that in Asian countries (Figure 2) . China consumed the highest proportion of pork (45%) and Bangladesh and Japan consumed the highest proportion of fish/seafood (85% in Bangladesh and 60% in Japan).
Individual consumption and mortality
In our pooled analysis of the ACC data, the mean follow-up period ranged from 6.6 to 15.6 y. Most studies began enrollment in the early to mid 1990s ( Table 1) . Mean intakes of red meat and poultry in men were 14.2-92.3 and 4.6-22.3 g/d, respectively ( Table 2 ). In women, mean intakes of red meat ranged from a low of 9. Higher total meat intake was not associated with a higher risk of all-cause, cancer, or CVD mortality in either men or women ( Table 3) . In men, HRs (95% CIs) for the comparison of the highest with the lowest quartile were 1.02 (0.91, 1.15; P-trend = 0.82) for to be related to all-cause mortality in men and women with the lowest risk in the third quartile. A significant inverse trend with red meat intake was observed for CVD mortality in men (P-trend = 0.04) and cancer mortality in women (P-trend , 0.01). An inverse association with poultry intake was observed for risk of all-cause mortality in men (P-trend = 0.02) and women (P-trend = 0.03) and for risk of cancer mortality in women (P-trend , 0.01). Fish/seafood intake was inversely associated with risks of all-cause and CVD mortality in women (P-trend = 0.05 and 0.04, respectively).
In further analyses, we included 2 more cohort studies (Korean Multi-Center Cancer Cohort Study and Radiation Effects Research Foundation), which assessed diet using nonquantitative FFQs. We examined whether there were similar associations between frequencies of meat intake and all-cause, cancer, and CVD mortality. Similar to the results in the analysis of grams per day, we found no statistically significant associations for total meat intake with frequency of total meat consumption as the main exposure (data not shown). Furthermore, when we used common cutoffs rather than cohort-specific cutoffs to construct intake quartiles, the results were similar for total meat intake (data not shown). When we examined the associations for intakes of total meat, red meat, poultry, and fish in individual cohort studies, we found generally similar patterns with pooled results (see Supplemental Table 2 under "Supplemental data" in the online issue). Because socioeconomic status may have been linked to meat availability during the study period, we investigated whether associations varied by educational level (less than secondary, secondary, and more than secondary graduate) ( Table 4) . We found no statistically significant associations for all-cause mortality with total meat intake in any education stratum. For red meat intake, a lower risk of all-cause mortality was observed at the second and third quartiles in women with less than secondary school education. When we stratified BMI into 3 groups (BMI ,20, 20 to ,25, and $25), we found similar associations between total meat intake and all-cause mortality in both men and women. When we limited our analysis to never-smokers, HRs for total meat intake in relation to all-cause mortality in a comparison of the highest with the lowest quartile were 1.12 (0.97, 1.29) in men and 0.94 (0.87, 1.02) in women. We also found that baseline period (before or after 1995) did not modify any of the associations between total meat, red meat, poultry, or fish/seafood and risk of all-cause mortality (data not shown). When we excluded participants who died within the first 3 y of follow-up, we found that the results of total meat, red meat, poultry, or fish/seafood were similar for allcause, cancer, and CVD mortality (data not shown).
DISCUSSION
Even with the marked increase in industrialization and urbanization in Asian countries, food-availability data from FAO indicated that meat consumption was still substantially higher in the United States than in any Asian country. The main differences between meat consumption in the United States and Asia were seen for beef and poultry. Even though meat consumption has continued to rise in China, Japan, and South Korea and even though the gap between the United States and Asian countries has narrowed, meat consumption in Asia has remained lower than that in the United States into the 21st century. In contrast, fish and seafood consumption in Japan and Korea is .2-fold that in the United States.
Our pooled analysis of 8 Asian prospective cohort studies did not provide evidence of a higher risk of mortality for total meat intake. For red meat and poultry, inverse associations were observed for mortality in both men and women. We found that fish intake was inversely associated with risk of mortality in women. No variation in the associations between mortality and total meat intake were observed by educational levels or study period.
Overall cancer and CVD mortality has increased in Asian countries (24) (25) (26) , and mortality rates from some cancers are approaching those in Western countries (24, 27) . Given the trend of increasing meat consumption over time in Asia, a westernized diet heavy in animal products has been invoked as a cause of this increasing incidence and mortality from cancer and CVD (28) . However, Asian prospective cohort studies (29) (30) (31) (32) (33) , most of which were included in our pooled analysis, have not supported the hypothesis that meat intake is involved in all-cause, cancer, or CVD mortality, unlike the pattern seen in Europe and North America (5, 6, 34, 35) .
The absence of a positive association between meat intake and mortality in Asia may be related to several factors. First, Asia has been experiencing a dramatic change in many other chronic disease risk factors, including physical activity, adiposity, and access to medical care. At this stage, it is possible that meat consumption may not be as large a contributor to risk of death as socioeconomic status, a sedentary lifestyle (36, 37) , or adiposity. Furthermore, other risk factors such as obesity (12), hypertension (38) , and smoking (39) could largely explain the increasing risks of cancer or CVD in Asia to date. Second, the null, and even inverse, association between meat consumption and mortality observed in our data warrants further study because the dietary transition is still under way in many parts of Asia. Residual or unmeasured confounding factors, such as socioeconomic status related to meat availability, could be important because food accessibility and availability is related to income levels in the Asia-Pacific region (40) ; ie, even though we failed to detect differences by education, a higher intake of meat at this point in the epidemiologic transition may be a marker for other protective factors, including a sufficient intake of energy and access to medical care. Third, nondifferential measurement error in dietary assessments could have led to bias toward the null, although all the FFQs used in each study have been validated with modest to good correlation with a reference method (13) (14) (15) (16) (17) (18) . Although the absence of a positive association can be partly explained by aforementioned reasons, we still cannot rule out the hypothesis that total meat intake is not related to mortality in Asian populations, given the findings we observed in this pooled analysis.
A reduced risk of all-cause and cancer mortality with higher fish intakes in women could be explained as a result of delayed progression of disease through inhibition of eicosanoid biosynthesis, which leads to a reduction in prostaglandin conversion from arachidonic acid (41, 42) . We found an inverse association in women only, perhaps because social and cultural differences between men and women determine health behaviors such as alcohol intake and tobacco smoking in Asia; therefore, these risk factors could play a role to a lesser extent in women than in men.
The strengths of our study include the size of the total ACC cohort and a prospective study design with assessment of longterm usual dietary intake. In the ACC study, we were able to include unpublished individual data from some Asian studies, which provides greater accuracy than meta-analyses. We had extensive information on potential confounders. Furthermore, we analyzed the data and adjusted for confounding factors in a standardized, uniform way by using the original data from each cohort, which is not allowed in a meta-analysis.
Our study had several limitations. Unmeasured or residual confounding may still exist, although we adjusted for potential confounding factors, including alcohol intake, fruit and vegetable intake, education, and smoking status. We did not analyze processed meat intake because a limited number of processed meats were included in the FFQs. We could not evaluate whether meat preparation or cooking procedures were associated with risk of mortality because most of the cohorts did not include such detailed information in their questionnaires. We were not able to examine changes in meat intake or timing of meat intake in relation to mortality because dietary information was not assessed at multiple times during the study period of each cohort. Heterogeneity in intake was observed across studies; however, we found that study-specific results in general did not show an increased risk of mortality with higher total meat intake. We could not investigate the role of meat intake with specific types of CVD and cancer outcomes because we did not have the relevant information from the different cohorts. However, our finding warrants subsequent studies to explore the role of diet in the development of specific CVD or cancer outcomes in this ACC study.
In conclusion, our pooled analysis of prospective cohort studies showed that higher total and red meat consumption was not associated with an increased risk of cancer or CVD mortality. Fish and seafood intake was inversely associated with mortality in women. Additional dietary studies among Asian populations are needed to elucidate outstanding questions: 1) Is meat intake associated with an increased risk of cancer and CVD mortality beyond changes in lifestyle and environmental factors?; 2) Do some, as yet undefined, characteristics of Asian populations explain the association that we observed with meat intake?; and 3) Is the cumulative exposure to a high intake of meat crucial to disease etiology?
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